in the natural and the social sciences with a 5-year citation window. The difficulty is that a large proportion of individual articles are assigned to multiple subfields. To control for wide differences in citation practices at the subfield level, we apply a novel normalization procedure in the multiplicative approach in which each paper is wholly counted as many times as necessary in the several categories to which it is assigned at each aggregation level. The methodology is applied to a partition of the world into three geographical areas: the USA, the European Union (EU), and the Rest of the World. The main findings are the following two. (1) Although normalization does not systematically bias the results against any area, it reduces the US/EU high-impact gap in the all-sciences case by a non-negligible 14.4%.
Introduction
Assume that we are given a hierarchical Map of Science that distinguishes between several aggregation levels, say between scientific subfields, disciplines, and fields from the lowest to the highest aggregation level. Each category at any aggregate level is assumed to belong to only one item at the next level, so that each subfield belongs to a single discipline, and each discipline to a single field. This article uses high-and low-impact citation indicators for the evaluation of the citation performance of research units at different aggregate levels in a special case, namely, when the available dataset includes individual publications that are assigned to several categories at the lowest aggregation level. Our motivation is twofold.
Firstly, it is well known that citation distributions are highly skewed in the sense that a large proportion of articles get none or few citations while a small percentage of them account for a disproportionate amount of all citations. 1 In this situation, 'colleagues have begun a search to find other indicators that do not depend on averages' (Rousseau 2012) . In particular, Albarra´n et al. (2011b) introduced a novel methodology for the evaluation of research units of a certain size that begins with the observation that, due to their skewness, the upper and lower parts of citation distributions are typically very different. Consequently, it seems useful to describe a citation distribution by means of two real-valued functions defined over the subsets of articles with citations above or below a critical citation line (CCL hereafter). These are referred to as a high-and a low-impact indicator, respectively. Economists will surely recognize that the key to this approach is the identification of a citation distribution with an income distribution. Once this step is taken, the measurement of low impact coincides with the measurement of economic poverty, which starts with the definition of the poor as those individuals with income below the poverty line (see inter alia Sen 1976; Zheng 1997) . In turn, it is equally natural to identify the measurement of high impact with the measurement of a certain notion of economic affluence. 2 Secondly, papers in the periodical literature are often assigned to subfields via the journal in which they have been published. Many journals are assigned to a single subfield, but many others are assigned to two, three, or more subfields. This is an important problem. For example, in the dataset used in this article, where subfields are identified with the 219 Web of Science (WoS hereafter) categories distinguished by Thomson Scientific, 42% of the 3.6 million articles published in 1998-2002 are assigned to two or more, up to a maximum of six subfields. There are two ways to deal with this situation. The first follows a fractional strategy, according to which each publication is fractioned into as many equal pieces as necessary, with each piece assigned to a corresponding subfield. The second follows a multiplicative strategy, according to which each paper is wholly counted as many times as necessary in the several categories to which it is assigned at each aggregation level. In this way, the space of articles is expanded as much as necessary beyond the initial size. It is generally accepted that for evaluations at the level of broad, aggregate scientific categories it is crucial that one carefully controls for wide differences in citation practices at the lowest level of aggregation. When publications are assigned to several subfields, the usual way to compile subfield normalized citation indicators follows a fractional strategy (see inter alia Waltman et al., 2011 , for subfield normalization with average-based indicators). In this article, we apply for the first time the ideas of Herranz and Ruiz-Castillo (2011a) about subfield normalization in the multiplicative case to the evaluation of research units using high-and low-impact indicators.
The empirical case we study is a partition of the world into three large geographical areas: the USA, the EU, namely, the 15 countries forming the European Union before the 2004 accession, and any other country in the rest of the world (RW hereafter). The comparison of the relative performance of the USA and the EU is an important empirical issue in view of the so-called 'European Paradox', popularized in the First European Report on Science and Technology Indicators (EC 1994), according to which Europe plays a leading world role in terms of scientific excellence but lacks the entrepreneurial capacity of the USA to transform it into innovation, growth, and jobs. This paradox is exclusively based on a mere counting of the number of publications. As soon as one takes into account the citation impact that these publications achieve, Albarra´n et al. (2010 Albarra´n et al. ( , 2011c inter alia provide ample evidence against this view, and in favour of a dramatic dominance of the US over the EU (and the RW) as soon as one takes into account the citation impact that these publications achieve. Herranz and Ruiz-Castillo (2011b) study the question for the 219 subfields identified with the WoS categories. This article studies this important issue for 80 disciplines and 20 fields using high-and low-impact indicators.
The empirical issues analyzed are the following three. Firstly, we investigate whether subfield normalization in the multiplicative case using high-and low-impact indicators systematically favors any geographical area. Secondly, we focus on the US/EU gap at different aggregation levels in the multiplicative case using high-and low-impact indicators. Thirdly, it must be recognized that our high-and low-impact indicators are very recent. Therefore, it is very convenient that we compare the results in this article with those obtained in Herranz and Ruiz-Castillo (2011c) using average-based indicators.
The rest of the article is organized into three sections. Section 2 introduces the multiplicative strategy, the normalization procedure, and the high-and low-impact indicators. Section 3 presents some descriptive statistics for citation distributions at all aggregate levels, as well as the empirical results. Section 4 offers some concluding comments and suggestions for extensions.
Methods

The original dataset and the geographical extended count
Since we wish to address a homogeneous population, in this study only research articles or, simply, articles are studied. We begin with a large sample acquired from Thomson Scientific, consisting of more than 3,600,000 articles published in 1998-2002, as well as the more than 28 million citations these fields receive using a 5-year citation window for each one. Thus, the original dataset is a citation distribution c = {c l } consisting of N distinct articles, indexed by l = 1,. . ., N, where c l is the number of citations received by article l.
In this article, the world is partitioned into three geographical areas, indexed by k = USA, EU, RW. Articles are assigned to geographical areas according to the institutional affiliation of their authors on the basis of what had been indicated in the byline of the publications. We must confront the possibility of international cooperation, namely, of articles written by authors belonging to two or more geographical areas. Although this old problem admits different solutions (see inter alia Anderson et al., 1988 , for a discussion in the international case), we side with many other authors in recommending a multiplicative strategy at all aggregation levels (see the influential contributions by May 1997 and King 2004 , as well as the references in section II in Albarra´n et al., 2010) . Thus, in every internationally co-authored article a whole count is credited to each contributing area. Aksnes et al. (2012) , however, have recently provided strong arguments in favor of using fractionalized rather than whole counts.
For every article l, let g l be the number of geographical areas with authors in the byline of the publication. Only domestic articles, or articles exclusively authored by one or more scientists affiliated to research centers either in the USA, the EU or the RW alone, are counted once, in which case g l = 1. Otherwise, g l can be equal to 2 or 3. In this way we arrive at what we call the geographical extended count, whose total number of articles is equal to G = AE l g l . As long as g l > 1 for some l, we have that G > N. In our dataset, the number of distinct articles in the original dataset is N = 3,648,524, while the number of articles in the geographically extended count is G = 4,142,281, a total which is 13.5% larger than N.
The multiplicative strategy in the geographical extended count
To describe the multiplicative strategy it suffices to consider two aggregate levels: subfields and disciplines. Therefore, assume that there are S subfields, indexed by s = 1,. . ., S, D disciplines with D < S, indexed by d = 1,. . ., D, as well as a rule that indicates the unique discipline to which each subfield belongs. Each article l in the geographical extended count is written by one or more authors that work in one or more geographical areas. Thus, for any area k with one or more authors writing article l, let X k l be the non-empty set of subfields to which article l is assigned. The cardinal of this set, x k l = |X k l |, is the number of elements in the set. Since in our dataset articles can be assigned to at most six subfields, we have that x k l 2 [1, 6] for all l. In the first step in the multiplicative strategy, each article is wholly counted as many times as necessary in the several subfields to which it is assigned. Consequently, as long as x k l > 1 for some article l and some area k, the total number of articles in what we call the double extended subfield count, N SF , is greater than G. At the next aggregate level, each article is wholly counted as many times as necessary in the several disciplines to which it is assigned. In order to describe how to do that, we need to introduce some more notations. For any area k, with one or more authors writing article l, let Y k l be the non-empty set of disciplines to which article l is assigned, and let y By way of example, assume that an article l in the original distribution, which is fully written in area k, is assigned to four subfields. In the multiplicative approach, the article will be wholly counted x k l = 4 times at this level. Assume also that three of the four subfields belong to a certain discipline d 1 , while the fourth belongs to discipline d 2 . Thus, the article in question is wholly counted y k l = 2 in the double extended discipline count.
Subfield normalization
As indicated in the Introduction, whenever possible we must normalize aggregate distributions, say at the discipline level, taking into account differences in citation practices across their subfields. To do this, we must define new (fractional) subfields that are congruent with the multiplicative count just described at the discipline level. As explained in detail in the Working Paper version of this article, Herranz and Ruiz-Castillo (2011d) , in each of the new subfields article l appears weighted by the inverse of the number of subfields belonging to each of the two disciplines: in the above example, by 1/3 in the three subfields belonging to d 1 , and by one in the fourth subfield belonging to d 2 . Proceeding in this way, it can be shown that the mean citation rates (MCR hereafter) at the discipline level are equal to the weighted sum of the new subfields MCRs, with weights equal to the proportion that the number of articles in each new subfield represents in the total number of articles in the discipline.
To control for wide differences in citation practices at the subfield level, the procedure takes as the normalization factor the MCR of the new subfields thus constructed. Consider the c l citations that appear twice at the discipline level in the above example. As far as the c l citations in discipline d 1 are concerned, one-third of them are normalized by each of the three new subfields' MCRs. Instead, the c l citations of this same article in discipline d 2 are normalized by the MCR of the fourth new subfield. 
The FGT family of high-and low-impact indicators
Consider a discrete citation distribution of papers published in a given year, that is, consider an ordered, non-negative vector c = (c 1 ,. . ., c i ,. . ., c n ) where c 1 c 2 . . . c n , and c i ! 0 is the number of citations received by the i-th article. Given a distribution c and a positive CCL, classify as low-or high-impact articles all papers with citation c i CCL, or c i > CCL. To simplify the notation, we will omit in the sequel a reference for such fixed CCL. A low-impact index is a real valued function L defined over low-impact articles whose typical value L(c) indicates the low-impact level associated with distribution c, whereas a high-impact index is a real-valued function H defined over high-impact articles whose typical value H(c) indicates the high-impact level associated with that distribution.
Given a citation distribution c and a CCL, the Foster, Greer, and Thorbeke (FGT hereafter) family of lowimpact indicators, originally introduced in Foster et al. (1984) for the measurement of economic poverty, is defined by:
where is a parameter identifying the members of the family, and G i = max {(CCL -c i )/CCL, 0} is the normalized low-impact gap for any article with c i citations. Note that G i ! 0 for low-impact articles, while G i = 0 for high-impact articles. The class of FGT high-impact indicators is defined by
, where is again a parameter identifying the members of the family, and G* i = max {(c i -CCL)/CCL, 0} is the normalized high-impact gap. Now G* i > 0 for high-impact articles, while G* i = 0 for low-impact articles.
Since in this article only indicators for parameter value = 2 will be computed, we will omit any further subscript in what follows; the corresponding high-and low-impact indicators are simply denoted as H and L, respectively. Among the properties enjoyed by these indicators, we will emphasize only two groups of them (see Albarra´n et al., 2011b , for a full discussion). Firstly, our indicators are size-and scale invariant. In view of the large differences in size and MCR exhibited by subfields (see Section 3.1), this is a very convenient property to have. Secondly, our indicators are capable of capturing what we call the incidence, the intensity, and the inequality of the phenomena they measure. By this we mean the following. Given any CCL, the high-impact level according to our preferred indicator increases with (1) the proportion of high-impact papers (incidence), (2) the average gap between the number of citations received by high-impact papers and the CCL (intensity), and (3) the citation inequality among highimpact papers (citation inequality). In turn, the low-impact level increases with (a) the proportion of low-impact papers (incidence), (b) the average gap between the CCL and the number of citations received by low-impact papers (intensity), and (c) the citation inequality among low-impact papers (citation inequality).
We believe that the sensitivity of the indicators to citation inequality is an interesting property to experiment with (for a comparative analysis of the three cases, = 0, 1, and 2, see Albarra´n et al., 2011c) . It contrasts with average-based indicators that are silent in this respect, with the axiom of Equal Impact of Additional Citations in Bouyssou and Marchant (2011) , and even more with the measure suggested by Ravallion and Wagstaff (2011) that displays aversion to citation inequality. On the other hand, the version of the percentile rank approach used in the Science and Engineering Indicators of the USA (National Scientific Board 2010) also includes a differential treatment of highly versus poorly cited publications that amounts to recognizing a positive role for citation inequality in research evaluation.
The choice of the CCL
In economics, there is a general agreement that the measurement of economic poverty involves an irreducible, absolute core that should be addressed by fixing an absolute poverty line common to all countries in the world. For example, at present the World Bank establishes that absolute poverty line at two dollars per day of equivalent purchasing power in any country of the world. However, after the Second World War it was observed that, at any reasonable absolute poverty line, there would be no absolute poverty in the developed part of the world. Therefore, a notion of relative poverty was introduced where the poverty line is fixed at a certain percentage-typically 50 or 60%-of mean or median income.
As explained in Albarra´n et al. (2011c) , in citation space there are also two alternatives in every homogeneous field. Firstly, a relative approach in which a CCL for each geographical area is fixed, for instance, as a multiple of the mean or the median, or at a given percentile of the area's citation distribution. Secondly, an absolute approach in which a CCL for the entire field is fixed as a function of some characteristic of the world citation distribution. In our experience, it is generally agreed that what happens at the world level in any scientific field constitutes a natural reference for the evaluation of the performance of any type of research unit in that field. Therefore, we suggest fixing the CCL at some percentile of the original world distribution in every science. Taking into account that the MCR at all aggregate levels are approximately located at the 70th percentile of citation distributions (see Gla¨nzel, 2007 Gla¨nzel, , 2010 Albarra´n et al., 2011a) , we believe it is reasonable to take the bottom 80% as low-impact articles, and the top 20% as high-impact articles. In other words, in this article we fix the CCL at the 80th percentile (see also Albarra´n et al., 2011c,d and Herranz and Ruiz-Castillo 2011a,b) .
Empirical results
Aggregation scheme and descriptive statistics
As indicated in the Introduction, in this article subfields are identified with the 219 WoS categories. As is well known, there is no generally agreed-upon Map of Science or aggregation scheme that allows us to climb from the subfield up to other aggregate levels. Among the many alternatives, Albarra´n et al. (2011a) borrow from the schemes recommended by Tijssen and van Leeuwen (2003) and Gla¨nzel and Schubert (2003) with the aim of maximizing the possibility that a power law represents the upper tail of each of the corresponding citation distributions. The resulting scheme consists of 80 disciplines, and 19 fields (The existence of a power law cannot be rejected in 59 of 80 disciplines and 16 of 19 fields, accounting for 71.8 and 75.5% of all articles in the respective extended samples). For our purposes, we separate Computer Sciences from Engineering to work with a total of 20 fields.
4 Table A in the appendix in Herranz and Ruiz-Castillo (2011d) presents the information about the number of articles, the MCR, and the value of the CCL when it is fixed at the 80th percentile of each subfield distribution in the multiplicative strategy, namely, in the double extended discipline and field counts. Five points should be noted.
Firstly, as expected, the total number of articles in the double extended counts decrease as we move upwards in the aggregation scale: the number of articles for subfields, disciplines, and fields are N SF = 6,512,031, N D = 6,107,509, and N F = 5,538,760, totals which are 57.7, 47.4, and 33.7% greater than the total number of articles in the geographical extended count, G. Secondly, publication practices across subfields are known to be very different. In some research areas, authors publishing one article per year would be among the most productive, while in other instances authors-either alone or as members of a research team-are expected to publish several papers per year. On the other hand, since the WoS categories are not designed at all to equalize the number of articles published in a given period of time, distribution sizes are expected to differ greatly. In particular, in our dataset mean sizes (and SDs) are 29,735 (33,826) for subfields, 76,344 (51,021) for disciplines, and 276,938 (185,742) for fields. Thirdly, the correlation coefficients between the publication effort across disciplines for every pair of geographical areas are the following: between the USA and the EU it is 0.86, while between the RW and the USA and the RW and the EU they are 0.67 and 0.90, respectively. This means, of course, that all areas' publication efforts are rather similar. Fourthly, given the differences in citation practices across subfields, MCRs vary widely. The mean (and SD) is 7 (3.9) for disciplines, and 7 (3.6) for fields. At the field level, for example, the maximum MCR is reached in Biosciences and Clinical Medicine I (Internal Medicine) with 15.4 and 13.2 citations, respectively, while the minimum is in Mathematics and Social Sciences, General with three citations each. Fifthly, CCL values are always greater than the MCRs, but the difference is relatively small. On average, the 80th percentile is reached at 8.8 citations while the MCR is equal to 6.1. The reason is that, as indicated in Section 2.6, the percentage of articles that receive citations less than or equal to the MCR at every aggregation level is on average approximately 70%.
On the other hand, Table B in the appendix in Herranz and Ruiz-Castillo (2011d) includes the geographical areas' publication shares for disciplines and fields. It should be noted that the share of all articles is approximately 29, 33 and 38% for the USA, the EU, and the RW, respectively. The USA publishes considerably more in the Social Sciences, Clinical Medicine III (Health and other sciences), and Neurosciences & Behavioral, and considerably less in Chemistry, Physics, Materials Science, and the Residual Subfields 5 where the RW increases its share. More importantly for the discussion of the European Paradox in Section 4, the EU publishes more articles than the USA in 54 out of 80 disciplines, and 15 out of 20 fields. These 54 disciplines are allocated as follows over the grand-fields: 17 out of 28 in Life Sciences, 17 out of 17 in Physical Sciences, 20 out of 26 in Other Natural Sciences, including three out of four Residual Subfields, and none out of nine Social Sciences. In 16 disciplines and three fields-Clinical Medicine I and II (Internal and Non-internal Medicine), and Space Science-the EU is the world leader.
The impact of normalization
Tables C and D in the appendix in Herranz and Ruiz-Castillo (2011d) present the normalized and un-normalized high-and low-impact indicators at all aggregation levels when the CCL is equal to the 80th percentile of the corresponding distribution. One way to assess the impact of normalization is to look at the changes introduced in the measurement of the ratio of high-and low-impact measures for a pair of geographical areas. In the sequel, we focus on the US/EU gaps.
Consider the possibility of aggregating in a single discipline two subfields s and t with rather different MCRs, and hence, rather large different un-normalized CCLs. Without loss of generality, assume that both subfields have the same size, and that subfield s is the one with larger MCR. Consider the set of high-impact articles at the discipline level. Since the un-normalized CCL for the discipline is the mean of both CCLs, the percentage of articles in this set belonging to subfield s will be considerably greater than the one belonging to subfield t. However, after normalization the distribution of high-impact articles at the discipline level by subfield will become considerably more equal. Therefore, it is very likely that the normalized and the un-normalized US/EU gaps are different. The question that should be investigated is whether these differences are important, and whether normalization systematically favors any geographical area.
Columns 1-6 in Table E in the appendix in Herranz and Ruiz-Castillo (2011d) compare the normalized and the un-normalized results about the US/EU gaps at all aggregate levels. Since there are 21 disciplines consisting of a single subfield, only the remaining 59 disciplines can be affected by normalization. Similarly, since the Space Sciences and the Multidisciplinary category also consist of a single subfield, normalization may affect 18 fields at a maximum. Starting with the high-impact gap, the first finding is that normalization reduces the US/EU gap in 32 out of 59 disciplines, 14 out of 18 fields, and the important all-sciences case. At first sight, this would seem to imply that normalization has a dramatic effect. However, Figure 1 illustrates that the effect of normalization on disciplines is of a moderate order of magnitude: normalization reduces the gap by more than 10% in five disciplines, while it increases the gap in that percentage in eight cases.
On the other hand, quite apart from the Residual Subfields case where normalization reduces the US/EU gap by 37.5%, there are only five other fields with reductions that are greater than 10% (Agricultural & Environment; Materials Science; Mathematics; Economics & Business, and Chemistry). In the Neurosciences & Behavioral Sciences the gap increases by 25% after normalization. For all sciences as a whole, there is a 14.4% gap reduction. Thus, we may conclude that normalization reduces the US/EU high-impact gap by a non-negligible but not a dramatic amount. Nevertheless, changes induced by normalization in 37 out 59 disciplines and seven out of 18 fields are of a small order of magnitude, and in 27 disciplines and four fields normalization increases rather than reduces the US/EU gap.
The low-impact gap is much less affected: in 53 out of 59 disciplines and 16 out of 18 fields the US/EU gap changes in either direction by less than 2%. There is no case in which normalization changes the low-impact gap by more than 10%, and in the all-sciences case the gap is reduced by 1.8%. At any rate, whenever possible normalization should be recommended on methodological grounds. Consequently, the rest of the article only focuses on normalized estimates.
Substantive results about the US/EU gap
Recall that the high-and low-impact indicators H and L are additively decomposable in the following sense. Given any partition of a citation distribution c into K subgroups, c k , indexed by k = 1,. . ., K, the overall high-impact level, H(c), for example, can be expressed as the sum of the subgroups high-impact levels, H(c k ), weighted by the corresponding publication shares, w k , equal to the ratio of the number of articles in distribution c k over the number of articles in distribution c:
Consequently, the ratio H(c k )/H(c) is greater than, equal to, or smaller than one whenever the observed contribution (OC) of subgroup k to the worldwide highimpact level is greater than, equal to, or smaller than its expected contribution measured by its publication share, w k . For our partition of the world into three geographical areas, information about the ratios H(c k )/H(c) and L(c k )/ L(c) for k = USA, EU, can be deduced from Table C in the appendix of Herranz and Ruiz-Catillo (2011d) . On the other hand, the US/EU high-and low-impact gaps measured through the ratios H(c Table E in the appendix in Herranz and Ruiz-Castillo (2011d) . A summary of results about observed contributions for the USA and the EU, as well as about the US/EU gaps in the high-and low-impact case for disciplines are shown in Tables 1-4. The corresponding information for higher aggregation levels is presented in Table 5 .
Let us start with high-impact aspects. The contrast between the USA and the EU is huge. The EU contribution to high-impact levels is below its publication share in 55 out of 80 disciplines, and by more than 50% above its publication share in a single occasion (Integrative & Complementary Medicine) . These figures are one and 43, respectively, for the USA (see the last two rows in Table 1 ). The dismal performance of the EU is particularly serious in the Life, Physical, and Social Sciences. The consequences for the US/EU gap are dramatic. The EU is ahead or at the same level in only two disciplines among the natural sciences (Integrative & Complementary Medicine, and Other Clinical Medicine) , and in Geography, Planning, and Urban Studies among the social sciences. In turn, the USA dominates the EU by more than 100% in 27 out of 80 disciplines (see Table 2 ). On the other hand, the US/EU high-impact gap is greater than one in all fields, and greater than two in eight of them.
Finally, for all sciences as a whole the US high-impact indicator is about 61% greater than that of the EU (Table 5) . As far as low-impact is concerned, the EU performs somewhat better: its contribution to world levels is below what can be expected from its publication share in 55 disciplines. Even so, the USA is in this same situation in 75 out of 80 cases (Table 3) . Nevertheless, the EU is ahead (namely, its contribution to low-impact levels is smaller that that of the USA) in 14 disciplines. Moreover, the USA is ahead by more than 20% in only 14 disciplines (Table 4) . Only in the field Clinical Medicine III (Health and Other Medical Sciences) the EU dominates the USA. Nevertheless, in all sciences as a whole the USA is also ahead but only by 12.3% (Table 5) . 
Average-based versus high-impact measurement of the US/EU gap
As is well known, for subfield normalization using average-based indicators there are two main mechanisms in contention: the crown indicator, previously recommended by the Center for Science and Technological Studies (CWTS) at Leiden University (De Bruin et al., 1993; Moed et al., 1995) , and an alternative mechanism sometimes referred to as the item-oriented fieldnormalized citation score average (Lunberg 2007) , or as the mean normalized citation score (MNCS hereafter). The MNCS indicator first performs normalization at the level of individual articles, and then obtains the average of the normalized articles. This is why this procedure has been called the average of ratios by Larivie`re and Gingras (2011). The idea is that once the number of citations received by an article has been normalized for differences among subfields, all articles should be treated equally. It might be argued that the debate between the crown indicator and the MNCS has been solved in favor of the second. As indicated in Waltman et al. (2011) , even the CWTS is currently moving towards a new crown indicator that relies on the second mechanism (for a clear rendition of the issues, as well as for relevant references and an evaluation of the debate involving the two mechanisms, see Larivie`re and Gingras 2011). Therefore, in this article we compare the results obtained with our high-impact indicator with those obtained with the MNCS. Column 7 in Table E in the appendix of Herranz and Ruiz-Castillo Table 3 . Geographical areas' OC to the overall low-impact level. Summary at the discipline level OC above its publication share OC below its publication share: (2011d) contains the results obtained in Herranz and Ruiz-Castillo (2011c) about the US/EU gap measured with the MNCS at all aggregation levels, while column 8 compares the measurement of the gap using our normalized high-impact indicator and the MNCS (the information for fields is also in Columns 3 and 4 in Table 5 ). The situation for disciplines and fields is illustrated in Figure 2 . From an ordinal point of view, there are few reversals: only in Integrative & Complementary Medicine the EU is behind according to the MNCS and ahead according to the h-index, while in two instances the opposite is the case (Experimental & Laboratory Medicine, and Applied Chemistry & Chemical Engineering). It should be noted that in only five disciplines the US/EU gap is greater according to the MNCS. From a cardinal point of view, in spite of a rather high coefficient of correlation of 0.71, the differences between the results obtained with the two approaches are of a large order of magnitude: among the 77 disciplines for which the US/EU high-impact gap is greater than the gap according to the MNCS, in 29 cases the difference is between 20% and 50%, and in 35 additional cases the difference is greater than 50%. This is the consequence of the different properties of the two indicators: the MNCS is an average-based index defined over the entire distribution, while the high-impact indicator is defined on the top 20% of highly cited articles, values the gap between them and the CCL, and responds positively to citation inequality among high-impact articles.
Conclusions and extensions
In this study, we have used a pair of high-and low-impact indicators introduced in Albarra´n et al. (2011b) to question the truth of the European Paradox according to which Europe plays a leading world role in terms of scientific excellence, measured in terms of the number of publications, but lacks the entrepreneurial capacity of the USA to transform it into innovation, growth, and jobs. The citation performance of the USA, the EU, and the RW has been compared at different aggregation levels: the 80 disciplines and 20 fields suggested in Albarra´n et al. (2011a) , as well as the all-sciences case. The dataset consists of 3.6 million articles published in 1998-2002 with a common 5-year citation window. A multiplicative strategy has been followed to solve the problems posed by international co-authorship and the assignment of articles to multiple subfields.
We have applied a novel subfield normalization procedure in the multiplicative case. This is done in two steps. Firstly, at each aggregate level a new set of subfields is defined. At the discipline level, for example, an article in the original distribution is weighted by the inverse of the number of subfields belonging to each discipline. Secondly, to control for wide differences in citation practices at the lowest level of aggregation, the procedure takes as a normalization factor the MCR of the new subfield thus constructed. The main empirical results can be summarized as follows.
1. Normalization reduces the US/EU high-impact gap by a non-negligible 14.4% in the all-sciences case, but increases it in 27 out of 59 disciplines and four out of 18 fields. Hence, we may conclude that it does not systematically bias the results against any of the two areas. Moreover, in a world partitioned into only three large geographical areas, changes in either direction, particularly for the low-impact gap, are often very small. It remains to be seen whether this is also the case in the evaluation of smaller research units. Nevertheless, whenever possible, for the evaluation of the citation performance of research units of any type, normalization is always recommended on methodological grounds. 2. From the substantive point of view, the European Paradox is definitely put to rest. It is true that the EU has more publications than the USA in 54 disciplines, and 15 fields. Overall, the EU has about 4% more publications than the USA. However, judging from the high-impact perspective, the EU is ahead of the USA only in three out of 80 disciplines, and none out of 20 fields. The USA has a high-impact indicator at least twice as large as the EU in 21 out of 71 disciplines within the natural sciences, and in six out of nine social sciences. This is also the case for eight fields (Mathematics, Computer Science, Materials Science, Chemistry, Multidisciplinary, Physics, Economics, and Business). For all sciences as a whole, the US high-impact indicator is 61% greater than that of the EU. When we measure the US/EU gap by low-impact indicators the EU situation is somewhat more favorable. For example, the EU is ahead in 14 out of 80 disciplines, and one out of 20 fields (Clinical Medicine III, Health and Other Sciences). For all sciences as a whole the US low-impact indicator is 12.2% smaller than that of the EU. As is well known, the problem with the European Paradox is that it is exclusively based on the number of publications. This article confirms that there is no connection at any aggregation level between publication shares and high-or low-impact levels. Instead, together with Herranz and Ruiz-Castillo (2011b) , this article has established that the European Paradox hides a truly European Drama: judging from citation impact, the dominance of the USA over the EU in the basic and applied research published in the periodical literature is almost universal at all aggregation levels. 3. The article has compared the consequences of measuring the US/EU gap using our high-impact indicator or using the MNCS. The gap is greater according to the MNCS only in three disciplines, and one minor field (Clinical Medicine III). In the remaining 77 disciplines, 19 fields, and all sciences as a whole, the gap is considerably greater when measured by the high-impact indicator (in 35 disciplines and 10 fields the difference is greater than 50%). As explored in detail in Herranz and Ruiz-Castillo (2011b) , for all sciences as whole the US MNCS indicator is 24.7% greater than that of the EU. 4. As reported in Herranz and Ruiz-Castillo (2011d) , two robustness tests have been performed. Firstly, as in Herranz and Ruiz-Castillo (2011a) , choosing the fractional rather than the multiplicative strategy does not lead to a radically different picture in practical applications. In our case, the US/EU high-impact gap changes by more than 10% when we take the fractional approach in only 17 disciplines and two fields. Secondly, a drastic raise in the CCL from the 80th to the 95th percentile of world citation distributions generally increases the intensity of the US dominance over the EU. In 49 out of 80 disciplines the change in either direction is greater than 20%. These large numbers rapidly diminish as we move toward higher aggregate levels.
As indicated in our companion paper (Herranz and Ruiz-Castillo 2011b) , the present analysis might be extended in rather obvious directions toward specific countries within the EU and the RW, and even individual research centers. It would be important to analyze domestic and internationally co-authored articles separately. In the European case, the latter should differentiate between intra-European cooperation and cooperation with the USA and the RW. It should be noted that our high-impact index is very sensitive to extreme observations, namely, to the presence of one or a few articles with a huge number of citations (see, e.g. section 4.4 in Albarra´n et al., 2011c , in the context of relatively small samples consisting of internationally co-authored publications between two or more of the three geographical areas considered in this article). Therefore, it might be interesting to study the robustness of our high-impact results to the elimination of a few highly cited articles, or completing them with those obtained using robust indicators of research excellence, such as the h-index, first suggested by Hirsch (2005) for the evaluation of individual scientists.
On the other hand, consider the distinction between domestic publications, whose authors belong to only one of the geographical areas distinguished in this article, and international publications that involve cooperation between any two or the three of them. Contrary to what happens with articles published in journals assigned to one or several subfields, it is known that domestic and international publications are characterized by very different citation rates. Except for the cooperation between the EU and the RW, international co-authorship in our dataset is vastly successful (see Albarra´n et al. 2011c ). Therefore, following Aksnes et al.'s (2012) recommendation in favor of using fractionalized counts to calculate relative citation indicators at the national level, rather than using whole counts as we have done in this article, might make a significant difference.
